We investigate performance differentials associated with mobility for research active scientists residing in a broad spectrum of countries and working in a broad spectrum of fields using data from the GlobSci survey. We distinguish between two categories of mobile scientists: (1) those studying or working in a country other than that of origin and (2) those who have returned to their native country after a spell of study or work abroad. We compare the performance of these mobile scientists to natives who have never experienced a spell of mobility and are studying or working in their country of origin. We find evidence that mobile scientists perform better than those who have not experienced mobility. Among the mobile, we find some evidence that those who return perform better than the foreign born save in the United States, suggesting that positive selection is not at work in determining who remains outside the country. This is supported by the finding that for most countries the performance of returnees is no different than that of compatriots who remain abroad after controlling for other effects.
Introduction
The circulation of the highly skilled workforce is a global phenomenon, especially characteristic of exceptionally talented individuals for whom productivity differentials -and respective differentials in wages--are higher . Moreover, immigrant workers, especially high-skilled ones, have a higher propensity for mobility than natives, both because they are less tied to the latest location but also because they respond more rapidly to new windows of opportunities in a different location (Kerr, 2009a; Kerr, 2009b) . It is thus not surprising that national science and innovation systems compete not only to attract the best and brightest, but also to retain national talent and to attract back those who have left to study or work abroad (Hunter, Oswald, & Charlton, 2009 ).
Empirical evidence on the correlation of mobility and performance in science, however, is inconclusive and often limited to the foreign-born in the US. Levin and Stephan (1999) , for example, show that authors of exceptional contributions are disproportionately distributed among the foreign born and foreign educated in the United States, but they do not investigate more broadly representative samples nor do they investigate foreign-born differentials in countries other than the United States. Weinberg (2011) studies highly-cited scientists and finds that, although developing countries produce a considerable number of exceptional scientists, they are disproportionately located in high-income countries. Hunter, Oswald and Charlton (2009) study 138 highly-cited physicists. They show that migrants to the US perform similarly to native-US physicists; their performance is also no different from those who stay. Kahn and MacGarvie (2011) compare the performance of individuals who received Fulbright scholarships for study in the US to a control group and find no substantial difference in productivity in the top half of the Impact Factor distribution for those from richer countries. Finally, Borjas and Doran (2012) find evidence of displacement of US mathematicians after the wave of immigration of Russian mathematicians following the collapse of the Soviet Union and show that US mathematicians, particularly working in areas of research that overlapped with those of the Russian émigrés, experienced a decrease in productivity and a lower probability of producing exceptional contributions.
In sum, evidence concerning productivity differentials between immigrants and non-immigrants usually focuses on the high-end of the performance distribution and findings often diverge. Studies are usually limited to comparing immigrants with non-immigrants. Only the Kahn and MacGarvie paper investigates productivity differences between those who return and those who do not. Moreover, the foreign born are usually compared to natives, without making the distinction between natives who have experienced mobility and returned vs. natives who have never experienced professional mobility.
Here we make use of a new large dataset on the mobility of 15421 academics . We investigate the correlation of mobility to performance within a broad spectrum of destination countries, of which 14 (Australia, Belgium, Canada, Denmark, France, Germany, Italy, Japan, Netherlands, Spain, Sweden, Switzerland, UK and the US) are developed countries with varying levels of scientific and research excellence, and two (India and Brazil) are fast-growing economies. The richness of the data allow us to control for a large number of characteristics such as age, gender, and job position, as well as self-assessed characteristics of the sample paper. Our sample spans the four scientific fields of biology, chemistry, earth and environment and materials and is for research-active scientists publishing a survey article in one of the four quartiles of the Impact Factor distribution of journals for each of the four fields.
Information about country of origin and mobility is obtained through a webmail survey fielded in the 16 countries and available in seven languages in 2011. We assess performance by looking at two different measures related to the survey article: the Impact Factor (IF) of the journal in which it was published and Total Cites (TC) received in the first two years after publication.
Following the format and focus of the work of Hunter and colleagues (2009) , our research attempts to answer questions such as the following (with answers provided in parentheses).
Do foreign-born scientists perform at a higher level than scientists who have never experienced mobility? (Yes) Do returnees, i.e. nationals who have studied and/or worked abroad and subsequently returned home, perform at a higher level than home-grown nationals who have not been abroad? (Yes) Do returnees perform at a higher level than foreign born scientists working in the country?
(The answer depends upon measure of performance).
Do scientists who return after a period of mobility to their country of origin perform at a lower level than those who remain outside the country of origin? (No, although exceptions do exist).
Do these patterns hold for the U.S? (Not always).
Given the cross-sectional nature of data, we are not able to infer causality; that is, we cannot tell whether our results imply that a better scientific base attracts and retains the best and brightest internationally, or whether scientists perform better after they are exposed to a stronger scientific base, or both. But the results suggest that mobility is a plus for destination countries and that promoting international experiences can have positive returns for a country. Before presenting the results in section 5, we turn first to a discussion of the mobility of scientists in section 2, then present reasons as to why a relationship may exist between mobility and performance in section 3 and follow that with a discussion of the GlobSci survey and data in section 4.
The mobility of scientists
Scientists are a highly mobile class of skilled workers. Many scientists move for the prospect of better working opportunities and larger compensation to their skills (Hunter, Oswald, & Charlton, 2009 ). But scientists are not only motivated by salary. Scientists are known to respond to incentives in the form of recognition, intellectual curiosity and the freedom to perform research (Stephan & Levin, 1992; . Selection in science is based in part on going to countries where one has the opportunity to be productive in terms of the resources and support for research. Many Argentinean scientists, for example, left the country after the financial crisis of 2002, when the devaluation of the currency made it impossible for them to even afford to attend international conferences (Dalton, 2008) .
Areas of expertise in science are also highly specialized, or require dedicated laboratories and special equipment that exists in very few settings (Stephan P. , 2012) . Science is also more often than not a team effort. Mobility of scientists often occurs in order to begin or continue working with a network of scientists or pre-existing collaborators (Harvey, 2008) . Because of either the specialties or the talents of others, a scientist may perform at a higher level in one setting rather than in another and this can influence migration decision (Gangiuli, 2012) .
Among other reasons given for moving is the pursuit of an international lifestyle (Richardson & McKenna, 2003) . Although family ties are known to be less important in driving the mobility of skilled as opposed to unskilled workers (Beine, Docquier , & Ozden, 2011) within the population of scientists family ties play a role in motivating return . Migration waves have also been driven by political or social reasons. Consider, for example, the migration of German and Austrian scientists of Jewish origin in the first half of the last Century (Waldinger, 2010) or at the massive immigration of Soviet mathematicians to the US after 1992 (Borjas & Doran, 2012; Gangiuli, 2012) .
Demand also plays a large role in migration decisions. In many countries academic job markets are strongly regulated, recruiting and promotion systems change only rarely and by acts of law (Franzoni, Scellato, & Stephan, 2011) . Some destination countries are also more or less willing to accept inward migration. For example, immigration policies are extremely restrictive in Japan for virtually any type of migrant. By way of contrast, several countries have policies for attracting high-skilled migrants that include easier visa procedures, fiscal benefits and special recruiting packages. Canada, for example, has an immigration system that assigns permits based on a point system. Skilled workers have a special visa program (the Federal Skilled Workers Visa), under which a PhD entitles the applicant to 25 points out of a total of 100, making it extremely likely that a visa will be granted. A similar system exists in Australia, where a PhD degree currently entitles the recipient to 20 points.
Other countries are less focused on attracting immigrants and more focused on convincing nationals who have migrated abroad to return to the motherland. India is discussing the creation of foreignbased contact points to encourage the recruitment of Indian scientists working abroad. Spain has an especially strong and large return policy for academics called "Ramón y Cajal". Between 2001 to 2010 the program supported 2500 postdoc positions for Spanish researchers who had worked abroad for at least two years (Adjunar, 2012) . In a country of the size of Spain these numbers amount to approximately 4% of the entire population of academics.
Performance of the mobile scientists
In a context of large differentials in inward and outward migration, a question of considerable importance is whether mobile scientists are disproportionately distributed among the most talented.
The standard theory of migration is based on Roy's selection model that posits workers make migration decisions based on the salary premium they would receive if they move, and on the cost of relocation (Roy, 1951) . Training decisions, too, are sustained by the prospect of a skill-enhancement premium (Sjaastad, 1962) , causing international students flows. With premium salaries that vary by level of skills and positive costs of relocation, provided skills are portable across countries (a condition likely satisfied in the academic workforce) sorting in out-migration will occur (Borjas, 1994; Grogger & Hanson, 2011) .
When the source and destination country have dissimilar levels of earnings for a certain level of skill (small correlation of earning/skill level), high-skill people will migrate from the low to the high remuneration country. For example, wealthier countries, which offer the highest salary premium, would attract a greater proportion of highly talented individuals from lower-paying countries . When the source and destination country have similar levels of return to skills, which may occur in some cases of mobility between wealthy countries, positive skill-selection will still occur toward those destination countries with a greater dispersion of return to skill (i.e. inequality ensures less redistribution, hence relatively higher earnings to the higher-skilled). Conversely, negative skill-selection will occur toward destination countries that have less dispersion of return to skills (i.e. less inequality or more redistribution, means relatively higher earnings to the lower-skilled) (Grogger & Hanson, 2011) .
Return migration is seen as further accentuating the initial selection. Thus, if the best were those to leave in the first place, returnees will be the worst of the best, or conversely would be the best of the worst, in case the out-migrating were adversely selected in the first place.
Amid large salary differentials across countries, positive selection should result in observing a correlation of migration and performance, with the best-performing being disproportionately distributed among the internationally-mobile. It is less clear if a correlation should exist between performance and return and which direction it should go.
There are other reasons in addition to selection as to why mobility may be associated with performance.
For example, there are private and collective gains in the form of spillovers from brain circulation (Saxenian, 2005) . Knowledge that is highly tacit or otherwise difficult to circulate travels fasters when scientists are geographically mobile. Mobility of people facilitates mobility of knowledge and more knowledge from distant sources is associated with greater idea generation and creative attainments (Hargadon & Sutton, 1997; Fleming, 2001) . It is possible that the advantages from richer knowledge sets accrue primarily to migrants who sit in positions of arbitrage. Physical mobility is also helpful in establishing effective networks. In a prior paper, we show that immigrants have a higher propensity to establish international links, collaborate with coauthors in a larger number of countries and perform at a higher level than international teams comprised of non-mobile scientists .
But an academic environment that exposes scientists to richer knowledge sets may benefit the nonmobile host community. Likewise, it may benefit the native communities from which the mobile scientists have out-migrated. For example, long-distance collaborations between Indians abroad and their native communities in the motherland have been found to promote knowledge transfer from the host country to the country of origin (Agrawal, Kapur, McHale, & Oettl, 2011) . They have also been found to enhance formal collaboration networks (Gangiuli, 2012) , functioning as a balancing force that tends to level-off the performance of movers and stayers.
Sample and data

The GlobSci survey
We surveyed active researchers in the four scientific disciplines of biology, chemistry, earth and environmental sciences, and materials science during the period February-June 2011. In order to construct the sample, we selected all journals classified by ISI as belonging to one of the four disciplinary fields and sorted them by Impact Factor (IF) for all subfields in each of the four disciplines.
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We then randomly picked a selection of four journals from each quartile of the Impact
Factor distribution in each subfield of the four disciplines, thus obtaining four samples of journals by field stratified by Impact Factor. In aggregate, this process identified approximately 30% of all journals published in the four fields.
Starting from these four lists of journals, we then downloaded the full record of all scientific articles published therein in 2009. From the affiliation information of the articles, we retrieved the email address of the corresponding authors. In case of multiple corresponding authors for a single article, we picked the first name in the list. We randomly selected one record in the case of corresponding authors appearing repeatedly in the corresponding author list.
In order to build country panels, we coded these records, based on the final digits of the domain of the email address (e.g. ".au" for Australia; ".be" for Belgium, etc.). We identified US authors by those having ".edu" in the address, thereby restricting the US sample to academic researchers. China was initially included in the survey. However, a low response rate of less than 5 percent for a test sample of Chinese addresses suggested that respondents were either not receiving the invitation or had problems responding to the invitation. We thus decided not to survey researchers based in China.
Panelists were invited to answer by email. Invitations were sent, one country at a time, during the spring and early summer of 2011 and each panelist was invited a maximum of three times. The survey was initially developed in English and then translated into six other languages: French, German, Italian, Japanese, Portuguese and Spanish. The online questionnaire was developed through the platform Qualtrics® that supports multiple languages. Each country survey and the respective invitation email was administered in its primary language (two languages in the case of Canada). The platform automatically deployed the language in which the recipient had set her browser, and let the respondent switch from one language to another at any point while filling-out the questionnaire. . From these, we further drop 56 observations because the country of residency at 18 years of age was not known, 32 observations because foreign international experience was not known or incomplete. We dropped an additional 163 observations of people who stated that they were in a country different from that of origin at the time the survey was administered but in a different question stated that they had no international experience. These answers could either be from people on temporary leave at the time the survey was administered or from people who gave inconsistent replies. The final sample is thus composed of 15421 observations, unevenly split among the 16 countries.
Recall that during panel construction we randomly drew an equal proportion of source journals from each quartile of Impact Factor of the subfield category of the journals. Our panelists were therefore drawn from authors of articles in all levels of journal Impact Factor in equal proportions, short of any differences that might exist in the average size of the journals belonging to each group. In other words, the random pick of journals should mean that authors had equal probability of being included in our panel had they published an article in a journal with a very good, medium-high, medium-low or low Impact Factor. Similarly, if they published in more than one quartile, the probability that they would be chosen in one or another quartile would be random and in general not correlated to their prior international experience.
Random pick means that panelists would be a fair representation of the population, short of a random noise. Concerning the degree to which the sample of respondents is representative of the panel and consequently of the underlying populations, we perform a number of tests. These are reported in Section A1 of the Appendix and show, at worst, very modest evidence of bias. Moreover, to the extent that bias exists, the final data set may slightly over-represent corresponding authors of papers appearing in higher Impact Factor journals.
The international coverage of our survey has the advantage of providing information not only on the share of the foreign-born currently in a country, but also on the share of "native" scientists who currently live abroad in one of the other 15 core countries. Country of origin of the respondent was determined by asking in which country the person was living at the age of 18. We prefer this definition to country of birth, because we are interested in mobility decisions occurring for reasons of work or study of the respondents. Relocation events occurring before the age of 18 likely reflect parental decisions rather than choices of the respondent. Although we do not take country of birth as a reference, for simplicity, in the following description respondents residing in the same country as they did at age 18 are referred to as "natives;" those residing in a different country than where they lived at age 18 are referred to as "foreign born." Of the 15421 respondents, 13718 (89%) indicated an origin in one of the 16 core countries; the origin of the remaining 1703 was a non-core country.
Our survey is important because it is at present the largest and most successful effort to collect comparable data on the mobility of the academic workforce in a large number of countries. While micro-level data are available for migrants to the OECD countries, they are not specific to the academic workforce (Docquier & Rapoport, 2012) . For the academic workforce, the sources of data until now have been very limited. Among these, three studies are worth noting. The first is a survey of Career of Doctorate Holders (known as CDH), conducted in seven countries by the OECD in collaboration with Eurostat and the UNESCO Institute for Statistics (UIS) (Auriol, 2007) . The second (Ates, Holländer, Koltcheva, Krstic, & Parada, 2010 ) is a pilot study of Eurostat in all domains of science and humanities, called "The Eurodoc Survey I of doctoral candidates" conducted in [2008] [2009] in twelve European countries (Austria, Belgium, Croatia, Finland, France, Germany, the Netherlands, Norway, Portugal, Slovenia, Spain and Sweden). The third is a pilot study of EU-US mobility designed to be used in combination with the Eurostat project (IdeaConsult, 2010). Unfortunately, low response rates in the latter two studies (considerably below 10%) make these data unreliable for research purposes.
Performance of the internationally mobile
Based on the answers to the GlobSci survey, we partition the academic workforce of each of 16 countries into three statuses based on international background: 1) NATIVE NOT-MOBILE: natives of a country who declared no prior experience of work or study abroad at the time the survey was administered 2) RETURNEE: natives of a country who declared a prior experience of work or study abroad and were residing in country of origin at the time the survey was administered 3) FOREIGN BORN: immigrant scientists whose country of origin differs from the country in which they were working or studying at the time the survey was administered.
Status number one corresponds to non-mobile academics, trained in their country of origin, who have never taken a position outside their country. Categories two and three correspond to the internationally-mobile academics. These individuals share at least one experience of study or work away from their country of origin. The two groups differ, however, with respect to their current location. Here we compare the performance of the foreign born, returnees and native non-mobile researchers. Figure 1 shows the mean citation values for the survey article by field for the three groups. Figure 2 shows the mean IF. We see that regardless of field, mean citations of the foreign born are higher than those of native non-mobile researchers and also higher than returnees, although the differential is not usually as great and not statistically significant. In terms of IF, the sample paper for the foreign born outperforms that of native non-mobile and usually outperforms that of returnees. Although these first results are suggestive, they control for no other characteristics that are related to performance. Thus, we resort to multivariate analyses to control for potentially confounding factors.
Our model for investigating the performance of the foreign-born and returnees compared to native non-mobile scientists takes the following general specification:
where:
X i is a vector of individual characteristics such as age (entered in a quadratic form), gender, trainee status, location (country were currently working);
A i is a vector of article characteristics that likely affect the rate of citation or visibility for reasons such as number of authors, international collaboration, interdisciplinary nature of the research or the article being in an emerging research topic 6 ; I i is a dummy variable taking the value of one if the scientists has a prior international mobility experience (i.e. is either foreign-born or a returnee, depending on the model) or zero if the scientist is a native of the country with no prior international mobility.
 is a coefficient that captures the rate at which the international experience enhances performance relative to non-mobile scientists (in some models we will have split variables for international mobility and distinct  s );
are vectors of coefficient estimates and  i is the error term.
We also initially controlled for prior visiting periods abroad, but the coefficient was not significant in any of the estimates and was omitted in the final estimations presented here.
Summary statistics for all variables used in the paper are provided in Table 4 .
[ Table 4 about here]
The results of the estimates of the general model are reported in Table 5 scientists who were never mobile. All models control for field and country. All models were also estimated using probability weights. Results are consistent with those shown in Table 5 and are reported in the Appendix. In both cases, we computed heteroschedasticity-robust standard errors. The robustness of the estimates is discussed in section 6.
Regardless of which performance indicator is chosen, the estimates are largely consistent with the univariate analyses, pointing to positive performance differentials of scholars with either type of mobility experience. Moreover, in both instances, returnees have a performance advantage over those who are foreign born; the difference is significant (at the 1 percent level) in the case of the Impact Factor measure of performance. This suggests that positive selection is not at work in determining who remains outside the country. This is supported by the finding, reported in the Appendix, that for most countries the performance of returnees is no different than that of compatriots who remain abroad after controlling for other effects. Exceptions, however, exist, as noted there. In particular, we find that returnees to India, Brazil, and Italy perform at a lower level compared to their fellow natives who have remained abroad.
In a second specification (Model 2, Table 5 ), we control separately for natives who did not study or hold working positions abroad, but nonetheless had been abroad for visiting periods of at least 12 months (e.g. sabbaticals). We find the correlation of visiting periods and IF to be negative and significant at the 5% confidence level and virtually non-existent and not significant in terms of TCs.
[ Table 5 about here]
Performance of the foreign born
We continue our investigation, by focusing on the performance of the foreign born. We exclude the potentially confounding effect of having returnees in the baseline and run the estimates on 10719 observations. On average the superior performance of the foreign born residing in a country compared to natives of the same country who did not experience mobility is confirmed. Note that the estimates are net of location effects, with the baseline being the country where the current job is located. They are also net of controlling for the H-index of the country of origin, included here to capture average differentials in the quality of basic and secondary education that the scientist received (Model 1 When we re-estimate the model using only the US observations (3772), the foreign-born performance premium is confirmed.
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[ Table 6 about here]
Some of the foreign-born entered the country during graduate or PhD studies. Others entered after having completed their tertiary education to take a postdoc or job position. Those who entered during higher education should in principle be more homogeneous to the non-mobile natives, having shared to a greater extent the same academic environment beginning with the training years. To account for In sum, foreign-born scientists on average show superior performance than natives who were never mobile. Moreover, the performance premium exists even after controlling for country of origin and is stronger for people who entered after training than for those who entered during training, although positive in both cases.
Performance of returnees
We move on to consider how the performance of returnees compares to that of fellow natives who have not been mobile. As stated above, the standard selection model postulates that returnees would be the worst of the best who migrated if initial outward migration was composed of positively-selected scholars (Borjas & Bratsberg, 1996) . 9 We also noted that mobility might be associated with greater skills 8 Omitted for brevity, but available upon request from the authors. 9 In the Appendix we show that we find no compelling evidence of negative selection regarding return, when comparing natives with an experience of international mobility who have subsequently returned to natives who have remained abroad. In the simple mean-comparisons we see that returnees to India, Brazil and Italy perform at a lower level compared to their fellow natives who have remained abroad. However, this correlation does not hold for other countries. We find no significant difference between returnees and those who remained abroad after we control for the effect of current country and other potentially confounding factors when countries are pooled (see Appendix A-2).
that the scientist acquired while training or working in a richer environment (Sjaastad, 1962) as well as with a broader and better network established while abroad .
We exclude from the model the foreign born and include in the model only the 11891 natives of the sixteen countries who are currently based in their country of origin. Table 7 reports the results of stepwise estimates for IF (left panel) and TCs (right panel).
The estimates of Model (1) confirm that, on average, returnees outperform natives with no prior experience of international mobility. The difference is sizable: holding all other things equal, returnees have on average a 0.63 higher IF than natives with no prior mobility and 1.69 higher TCs.
We noticed earlier in the univariate tests (Table 3 ) that the US exhibited a different pattern than the other countries, with no apparent difference in the average performance between returnees and nonmobile natives. When we run Model (1) for only the 2597 US observations, we find that this result holds for the IF measure of performance. However, we find that on average US returnees perform at a significantly higher level of TC than natives.
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In Model (2) we split the returnees into two groups: those who had a prior international experience in a country with a stronger science base than their country of origin and those who had a prior international experience in a country with a weaker science base than their country of origin. To measure movement we use the country ranking based on the country H-Index
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. In case of multiple moves, we choose the highest ranked among the destination countries. As expected, the great majority Note that in all models we control for the incidence of internationally-coauthored papers. In sum, the results suggest that mobility of either kind is positively associated with performance.
[ Table 7 about here] 10 The estimates are omitted in the interest of brevity but are available upon request from the authors. 11 H-Index is the number of papers that received as a minimum an equal number of citations. We use H-Index by country and by subject category, computed for all Scopus publications during the interval 1996-2010 by the Scimago Journal and Country Rank. Retrieved from http://www.scimagojr.com on April 18, 2012.
We move on to investigate whether the observed superior performance of returnees is associated with any international experience, or if it is exclusively the experience of work or education abroad that correlates to a performance differential. The literature on the mobility of skilled-human capital highlights that workers tend to move abroad in anticipation of a salary premium exceeding the cost of mobility. If salary is a function of personal skill-levels, movers are positively selected from their country of origin. In our case this implies that those who move to take job positions are positively selected among the top achievers in their country of origin. To the extent that PhD study is supported with financial assistance, we should also observe a similar positive selection. We know, however, that the amount of financial support available varies by country and largely dependent on government budgets (Bound, Turner, & Walsh, 2009) , and quite inelastic to actual demand in a given year. As a result, we expect the positive selection effect to be less evident for those who leave for a PhD than for those who leave for work. In the extreme case, i.e. for bachelor and master degrees, where it is typically the student who pays to receive an education, we would expect the selection effect to be virtually nonexistent.
We examine these effects in Model (3) of Table 7 , where dummy variables have been included which take the value of one depending upon whether the returnee had a mobility experience for pre-doctoral In sum, our data are consistent with the existence of long-term differentials in the performance of the natives with prior mobility experiences from the performance of natives without international experience, although this is not the case in the United States. In general, the performance edge accrues to those who did a postdoc abroad. While the effect is consistent with a selection effect, it may also be due to the networks that returnees build while abroad and are able to maintain upon their return.
Robustness checks
As highlighted in the data section, the surveys were administered separately in the 16 countries.
Consistently, the rate of response varies by country. Thus, when the data are pooled together to estimate the models, response rate differentials result in over-weighting the answers from scientists in countries whose response rate is above the average (Australia, Brazil, Canada, Denmark, Italy, Spain) and under-weighting the answers from scientists in countries whose response rate is below the average (Belgium, Germany, India, Japan, Netherlands, Sweden, Switzerland, UK, US). To neutralize this potential source of bias, all models were re-estimated by including probability weights. All results hold; see the Appendix.
Information on age and gender were asked at the end of the questionnaire. As a result, information on these variables is less complete than information on past mobility. Collectively, there are 988 responses for which the information of age or gender is missing, largely because the respondents dropped out before completing the survey. Given that gender and age are typically important control variables when exploring scholarly performance and have thus been included in our estimates, the missing items result in dropping observation when we run the multivariate estimates. Although we have shown in Section A1 of the Appendix that the evidence of potential biases caused by dropouts is very limited, nonetheless, the units dropped because of incomplete information in the control variables could potentially bias the estimates. In order to check the robustness of our estimates to these dropped observations, we imputed the age and gender of the respondent and re-estimate the models with the imputed values, using the multiple imputation method (Rubin, 1987) with 5 imputations for each variable with missing instances. The imputation models include both variables of observation (country, and foreign experience of higher education, PhD, postdoc, job and experience of visiting abroad) and auxiliary variables from our dataset (job position/tenured-untenured, affiliation type, existence of secondary affiliations, field of research). They also include probability weights. The imputation model generates imputed variables for age and gender in all but 6 cases. The variable of squared-age is produced as a passive imputation of age. Overall the imputation procedure yields a sample of 15415 from a possible 15421 observations. Model estimates that take into account observations with imputed values for gender, age and age-square are presented in the Appendix. The main findings remain after including these observations.
Discussion and conclusion
We find compelling and consistent evidence that mobile individuals perform at a higher level than nonmobile individuals, using several definitions of mobility and two measures of performance. These results are consistent with mobility being positively correlated with selection. They are, however, also consistent with treatment effects in the sense that mobility can enhance networks and lead individuals to work in environments that enhance their performance. The cross section nature of our data does not permit us to differentiate between the two types of explanations.
Our results suggest that on average foreign-born have a performance premium over natives who were not mobile of about 0.84 as measured by the Impact Factor of the survey article and 2.29 as measured by the total citations that the survey article received. The positive foreign-born premium holds for both those who were trained away from the host country but immigrate for a job as well as for those who were trained in the same country of the non-mobile natives.
We also find that domestic scientists who studied or worked abroad and subsequently return to work and live in their country of origin (the returnees) perform at a higher level than natives who were not mobile. Returnees have on average 0.63 higher IF than natives with no prior mobility and 1.69 higher TCs. The empirical results also suggest that not all mobility experiences are equal. To be more specific, the mobility experience that is systematically associated with a performance premium is that of a postdoc; other types of mobility experience are uncorrelated with the performance of returnees. An exception is the US, where returnees perform in general at the same level as natives who were not mobile. Experience of visiting alone is not a substitute for other types of mobility and is never associated with a performance premium.
When returnees are compared to fellow nationals who remained abroad, we find little evidence that they perform less well. Exceptions are returnees to India, Brazil and Italy. Regardless of country, we do, however, find evidence of decay in the number of citations received after one returns. The decay is modest and amounts to receiving approximately one fewer citations in the two years between publication and measurement for scientists who have been back in their native country for ten years. 
TABLES
APPENDIX
The appendix is composed of four sections:
A.1 Representativeness of sample A.2 Who returns. Selection of returnees A.3 Estimates weighted by probability of response
A.4 Imputation of missing control variables
A.1 Representativeness of sample We performed three different checks concerning potential differences in scientific impact, as assessed by the journal impact factor of source articles. A final check is performed on a self-reported assessment of article representativeness. First, we asses potential bias due to unit-non response by comparing the Impact Factor of respondents in each of four subject categories and each of 16 countries, against those of non-respondents (Table A-1) . Results indicate modest potential biases in the samples from Brazil (Materials science) Italy (Biology), Spain (Materials Science) and US (Biology, Chemistry and Materials Science)
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. Except for Spain, biases are in the direction of over-representing authors with higher-impact papers.
Second, we compare the impact factor of early respondents against those of late respondents. Late respondents are characterized as those who completed the questionnaire during the third (final) round, as opposed to those who completed the questionnaire during the first and second rounds (Table A-2) . This screening is useful to assess the potential existence of biases due to item non-response, but can also be helpful to assess the severity of bias for unit-non-response, if we expect that late-respondents would be more similar to non-respondents (or to those who would have responded if we had solicited the questionnaire one more round). T-test comparisons highlight modest biases concerning the Japan sample in Biology, and the Sweden and US samples in Earth & Environmental sciences, where authors of higher-impact contributions were disproportionately distributed among late respondents 14 . In sum, the controls performed on the set of information known ex-ante point to moderate evidence of bias. If biases exist, they seem to be more likely in the direction of slightly over-sampling correspondent authors of higher quality papers. A consistent picture is given by the last screening we performed, which, unlike the previous ones, is based on a self-reported assessment of representativeness. In particular, we asked the respondents the degree to which the selected paper represented their average production 16 . 
A.2 Selection of returnees
In addition to looking at the performance of returnees, it is interesting to examine evidence concerning selection effects in return migration. In other words, do academics who were mobile from a country and later decide to return exhibit comparable performance to their compatriots who have been mobile and remain abroad?
The standard selection models for return migration suggest that the direction of the initial selection, be it positive or negative, will be further strengthened by return migration (Borjas & Bratsberg, 1996) . In other words, if migrants are positively selected, as our data suggest, those who return will be the worst of the best, those who remain are the best of the best. Thus, the foreign born remaining abroad would be survivors of a second selection process where only the brightest receive sufficiently good enough offers to convince them to stay and returnees would be those who did not receive such offers.
However, if the scientist is not or not primarily motivated by earnings in her decision to return, but, for example, motivated by family or personal reasons, the correlation may not be in the direction predicted.
It turns out that in our data family or personal reasons is the most frequent factor given by respondents as being important or extremely important for returning to the origin country (64.3%). The second most frequently selected reason is quality of life (35.7%). A group of career and research-related factors follow. Least important among reasons given for returning are the pursuit of better working conditions and visa-related issues.
To shed light on the migration process, we compare the performance of individuals from the same origin country who were internationally mobile and subsequently returned to the performance of fellow natives who were mobile and remained abroad at the time the survey was administered. In this case, we restrict the sample by origin country and include only scientists who came from the 16 countries we have directly sampled and who had been mobile. There are 6529 observations in our sample that meet these criteria.
Average IF, TCs and Rank-normalized Impact Factors (RNIF) by country of origin and current residence in country of origin (returnees) vs. abroad are summarized in Table A-5. (The RNIF allows for comparing performance across discipline. It computes the journal rank in its field, based on the journal Impact Factor and normalized by the size of the subject category (Pudovkin and Garfield, 2004) . The figures show that, in the majority of countries, mobile natives who have subsequently returned exhibit comparable performance to mobile natives who have remained abroad. Brazil, India and Italy are exceptions to the rule. In these countries, returnees on average do not perform as well as their fellow natives who have remained abroad. Belgium displays a similar pattern, but the difference is only significant at 90% confidence level. Results for these three countries are compatible with the world just described of positive selection among the stayers and, consequently, of adverse selection of those who return home. However, this result may also arise without adverse selection if, for example, the mobile scientist returns to a poorer research environment that constraints her subsequent capability to produce high-level research. This hypothesis is plausible considering that the three countries are among the lowest in our sample for percent of GDP spent on higher education.
To further investigate selection effects, we run a multivariate analysis (Table A -6) . In addition to standard controls, in case the person returned, we add in two interaction variables (Model 2) that capture the years passed since the person returned, and those who have moved back and forth more than once during the ensuing years. The dummy variable tracking returnees takes a negative sign, but the standard error is too large to lead to statistically meaningful results. However, the coefficient of the control for the years passed since the person returned is negative and significant in the TC model,
indicating that the longer a returnee has been back in her country of origin, the less likely she is to be cited, compared to her countrymen who remained abroad. The effect is moderate in magnitude: for each additional year spent in the home country after returning the average scientist receives 0.10 fewer citations. In other words, ten years after returning, scientists who are back in their country of origin receive about one fewer citations than fellow natives who have remained abroad. No such effect is found when we look at the Impact Factor.
In sum, we find no compelling evidence that returnees are on average adversely selected among the internationally mobile scientists. This may reflect that individuals report returning for family or life style reasons, not because of job-related issues. The lack of a performance differential also suggests that the premium associated with international experience survives return, despite the fact that many of the returnees work in a supposedly less favorable environment. 
